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Abstract.TheTEAMproblem18hasbeenanalyzedbysevera一researchers
bythefiniteelementmethodinthefrequencydomain.Hoyever,analys】s
usingOthermethodsanddetailedcomparisonontheaccuracyofsolution
hasnotbeencarriedoutl771erefore,itseemsimportanHoanalyzebyuslrlg
othermethods.Inthispaper,theTEAMproblem18hasbeenanaiy2:edby
theFDTDmethodinthetimedomain.Intheanalysis,theedgeconditionis
usedattheedgesofiristoobtal'nmoreaccuratefields.JuSO,Berenger's
perfectlymatchedlayerisused.Thevariationofsolutionis.alsoirlVeStlgated
byvaryingthenumbersofdivision･ResonantfrequenciesandQfactorare
obtainedinbothtwoarid(hreedimensionalspace.TheseFDTDresultswere
comparedwithFEM ones.ThesimlarresultstotheFEanalyseswere
obtained.
1.Introduction
TheTEAM(TestingElectromagneticAn alysisMethods)problem18hasbeenanalyzedby
eeveralresearchersbythefiniteelementmethodinthefrequencydomainllH4tandclosed
lntheTEAM workshopheldinRiodeJaneiroin1997･However,analysisuslngOther
methodsanddetailedc'omparisonontheaccuracyofsolutionhasnotbeencariedout･
Therefわre,ltSeemsimportanttoanalyzebyuslngOthermethods･Wehaveanalyzedthe
problembytheFDTDmethod【5日可5いheMur-sabsorbingboundaryconditionwasused,
andresultswereobtainedusingcoarsegrids.
Inthispap.er,theTEAM problem18hasbeenanalyzedbytheFDTDmethodl6日8]in
thetimedomaln･Ⅰntheanalysis,theedgeconditionwasusedattheedgesofirstoobtain
moreaccuratefieldsl9].AlsoBerengerrsperfectlymatchedlayerl10],whichhasgood
pe血rmanceinbroadbandrange,lSuSed･Thevariationofsolutionwasalsoinvestlgatedby
varyingthenumbersofdivsiorl.ResonantfrequenciesandQfactorsareobtairledinbothtwo
andthreedimensionalspace･TheseFDTDresultswerecomparedwithFEMonesappearedin
thereferences.ThesimilarresultstotheFEanalyseswereobtained.
2.TEAM Problem18
W･J･R･HoeferhasproposedtheTEAM problem 18in1992.Fig.1showstheTEAM
problem18,ThemodelisarectangularcavitylnWhichthesamesizerectangularwaveguide
isloaded･Thatis,theirsseparatestwoportions･ThecharacteristicsofthecavityVary
drasticalybythesizeofaperture･
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Figure1:TEAMproblem18.
3.FDTDmethod
lnthismethod,twoMaxwel'sculequationsarediscretizedbothintimeandspaceuslng
thecentraldifferences,andthefieldvaluesonthenodalpointsOfthelaticearecalculatedina
leap-frogalgorithm･Inthemethod,cubicalcelsareused.Unlikethefrequencyciomain
method,theresonantfrequenciesandQfactorsareobtainedbyusingthetimerespoIlSe･5'iothe
appliedinputpulsesinthecavity･Intheanalysis,theedgeconditionproposedbyMur【9】was
usedatedgesofirstomodelthemmoreaccurately･Attheabsorbingboundary,Berenger's
perfectlymatchedlayer(PML)isused.ThisPMLcouldabsorbwavescomingfromany
direction.However,thislayercouldnotabsorbevanescentwaves･Therefore,thefrequency
undercutofffrequencyhastobeomitedintheinputpulses.
4.ResonantfrequencyandQfactor
Thesevaluesareobtainedbythetimedomaindata･First,theinputpulsewaveisapplied
inthecavityattheexcitationportionasshowninFig.1･Next,l九eresponseofthewaveis
observedattheobservationpolnt･As anexample,theobservedwaveofpulseresponsefor
thecase3isshowninFig.2･Theresonantfrequencyfrcanbeobtaineddirectlybythisdata.
Theatenuationconstant'canbeobtainedby.･
0 --1n(E,2/E,I)
t2-tl
Finaly,theQfactorcanbecalculatedby:
Q-JTfrCT
ThecalculationprocesstoobtainfrandQisshowninFig.3･
(1)
(2)
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Figure2:TimeresponseofelectricfieldEyforcase3･
Figure3:CalculationprocesstoobtainresonantfrequencyfrandQfactor･
5.Results
Resonantfrequenciesf,andQfactorswerecalculatedbythemethoddescribedinthe
section4.TheseresultsobtainedinthisanalysisareindicatedinTablei-ⅤⅠII,forcase1-4,
respectively･Thecalculationhasnotbeencarriedoutinfinegridfor3Dcases･Itisshownin
thesetablesthattheconvergenceisfasterwhenuslngtheedgecondition･And,the
effectivenessofusingedgeconditionwasshown.Inthecase1,itisdificulttoobtainQfactor
accuratelyasothermethodssuchasthefiniteelementmethod,becausetheatenuationisvery
smalLThisisshownintableV.
Theseobtainedresultsusingtheedge0nditionarecomparedwithFEresultsin【廿【31･
ThecomparisonofresonantfrequenciesandQ factorsareshowninTableⅨ andX,
respectively･TheobtainedresultsareingoodagreementwiththeFEMonesinthereferences.
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TableI:f,inGHzforCase1.
Nurnberofd土Ⅴ土sin 2D 3DWithouted9e Withedge W土thouted9e Withedge
Ⅹ★Z(★y) condit土On cOnd土t土on condition cOndit土on
32★160 (★14) 9.250 9.250 9.244 9.236
64★320 (★28) 9ー245 9.245 9.244 9.236
128★640 9_243 9.243
256*1280 9.243 9.241
512★2560 9ー241 9.241
TableTI:f,inGHzforCase2.
Numberofd土Ⅴ土S土nX★Z(★y) 2D 3DWithoutecge Withedge Withoutedge Withedgecondition condition condition cond土も土on
32★160 (★14) 9.164 9.158 9ー 170 9.154
64★320 (★28) 9.161 9.161 9_163 9.154
128★640 9.159 9ー 159
256★1280 9ー 159 9.157
512★2560 9_157 9.157
TableIl:frinGHzforCase3.
Nurnberofd土Ⅴ土S土n 2D 3DWithouted9e W土thed9e Withoutedge Withedge
諾★z(★y) cond土t土on co-ndition condition cOndit三〇m
32★160 (★14) 8.785 8_785 8.782 8.75e
64★320 (★28ー 8.763 8ー 763 8.766 8.75El
128★640 8.761 8.756
256★1280 8.753 8.750
512★2560 8.753 8.750
TableIV:f,inGHzforCase4.
Numberofd土Ⅴ土S土on 2D 3DWithoutedge Withedge Withoutedge Withedge
Ⅹ ★ Z (★y) condition condition condition cOndit土on
32★160 (★14) 7.752 7.487 7.720 7.463
64★320 (★28) 7.662 7.487 7.453 7_463
128★640 7ー 445 7.445
256★1280 7.445 7.445
512★2560 7.445 7ー445
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TableV:QforCase1.
Nurnberofdivisin 2D 3D
withoutedgecondi土On Withedgecondition Withoutedge ' withedge FⅩ★Z(★y) cond土土on condition
32★160 (★14) 49857 暮 48978 46267 47523
64*320 (*287 51167 49523 52677 l 49762
128★640 49193 47554
256★1280 47855 46466
512★2560 48145 47308 1
TableVI:QforCase2.
NurnberofdiV土sin 2D 3DWithoutedge Withedge Withoutedge Withed9e
Ⅹ★Z(★y) cOnd土t土on condition condition condition
32*160 (*14) 1360 ー 1130 1372 1128
64*320 (*281 1186 1 1079 1119 1026
128★640 1099 1073
256★1280 1083 1059
512★2560 1080 1054
TableVH:QforCase3.
Numberofd土Ⅴ⊥sin 2D 3DWithoutedge Withedge Withoutedge With edge
X*Z(*Y) cOnditiOn condition condition condition
32★160 (★14) 36.8 34.7 39.4 33_6
64★320 (★28) 33.8 33.5 34.1 33.0
128★640 33_5 33.2
256★1280 33.0 32.8
512★2560 33.0 32ー 8
TableVⅢⅠ:QforCase4.
NurnberofdiV土siOn 2D 3DWithoutedge Withedge Withoutedge Withed9e
Ⅹ★Z(★y) cOndit土On cOnd土t土on condition condition
32*160 (*14ー 2.7 2_5 2.9 2.7
64★320 (★28) 2.7 2.5 2.5 2ー 6
128★640 2.6 2.5
256★1280 2.6 2ー5
512★2560 2.5 2_5
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TableⅨ:ComparisonofResonantfrequenciesfTinGHz.
Case 工ris 2D i 3D i E_mson Groiss Iqarashi
1 a′8 9.241 t 9.236 9.271 9_251 Ⅳ′A
2ー a′4 9_157 9.154 9.191 9ー169 9.256
3 a′2 8_749 8.758 8.805 8.768 8.875
TableX:ComparisonofQfactors.
Case ‡r土S 2D 3D Emson Gro土ss Ⅰqarash土
1 a′e 47308 49762 62157 51458 N/A
2 a/4 1054 1026 1347 1102 673.3
3 a′2 33.0 32.8 35 34 33.4
6.Conclusions
TEAM problem 18hasbeensolvedbytheFDTDmethodintwoandthreedimensional
space.Theaccuracywasimprovedbyus7Tlgtheedgecorlditionattheedgesofiris･The
obtainedresonantfrequenciesandQfactorsareingoodagreementwiththeFEM resultsin
thereferences.Resultsof3Danalystsnearlycorrespondtoonesof2Darlalysis,asthe･TEAM
problem 18isfundamentalythetwodimensionalproblem･Inthecomparisorl0fvarious
approaches,thelimitationsofcomputerstorageandcomputationtimeneedtobespec泊ed･
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